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cassette containing a promoter and a DNA sequence encoding TRAIL, wherein the expression of TRAIL results in tumor inhibition, 
regression or elimination. 
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METHOD OF INDUCING TUMOR CELL APOPTOSIS USING 
TRADL/APO-2 LIGAND GENE TRANSFER 

5 

Background of the Invention 

Members of the tumor necrosis factor (TNF) superfamily of cytokines 
influence a variety of immunological functions, including cellular activation, 

10 proliferation, and death, upon interaction with a corresponding superfamily of 
receptors (1-3). Interest in the apoptosis-inducing molecules TNF and Fas ligand 
has been peaked due to their participation in events such as autoimmune 
disorders, activation-induced cell death, immune privilege, and tumor evasion 
from the immune system (4-8). Another death-inducing family member, TRAIL 

15 (TNF-related apoptosis-inducing ligand, also referred to as Apo-2 ligand or Apo- 
2L) is generating excitement because of its apparent unique ability to induce 
apdptosis in a wide range of transformed cell lines but not in normal tissues and 
cells (9,10). 

To date, four homologous, but distinct, human TRAIL receptors have 
20 been identified, with two [DR4 (1 1 ; hereafter referred to as TRAIL-R1) and 
DR5/TRAIL-R2 (12-15)] having the ability to initiate the apoptosis signaling 
cascade after ligation and two [TRID/DcRl/TRAIL-R3 (12,13,15,16) and 
TRAIL-R4/DcR2/TRUNDD (17-19)] lacking this ability. Because they lack the 
ability to directly signal cell death, TRAIL-R3 and TRAEL-R4 have been 
25 hypothesized as being protective receptors, either by acting as "decoy" receptors 
(11,12,18,19) or via transduction of an anti-apoptotic signal (17). 

Given the tumor cell-selectivity of TRAIL'S cytotoxicity from results 
obtained in vitro, recent studies have examined the safety and antitumor activity 
of recombinant, soluble TRAIL in vivo (20-22). TRAIL was found to be well 
30 tolerated when multiple doses were given to normal animals, and no histological 
or functional changes were observed in any of the tissues or organs examined. 
These results were dramatically different from those seen in animals given other 
apoptosis-inducing molecules, as injection of recombinant Fas ligand or anti-Fas 
monoclonal antibody (mAb) into animals rapidly induced massive hepatocyte 
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degeneration, necrosis, and hemorrhage, and ultimately death (20,23,24). 
Moreover, multiple injections of soluble TRAIL into mice beginning the day 
after tumor implantation significantly suppressed the growth of the tumors, with 
many animals being tumor-free (20-22). . 
5 A major drawback to these findings was that large amounts of soluble 

TRAIL were required to inhibit tumor formation. This may be due to the 
pharmacokinetic profile of soluble TRAIL that indicated that after intravenous 
injection the majority of the protein is cleared within 5 hours (20). Increasing 
the in vivo half-life of recombinant soluble TRAIL or developing an alternative 

10 means of delivery may increase the relative tumoricidal activity of TRAIL such 
that larger, more establish tumors could be eradicated as efficiently as smaller 
tumors. The identification of alternate methods to deliver TRAIL to the tumor 
site, however, is also critical for the further development and testing of the anti- 
tumor activity of TRAIL in vivo. 

15 The development of alternate or adjuvant forms of cancer therapy is 

crucial, due to the increasing rates of many cancers throughout the world. For 
example, prostate cancer is one of the most prevalent cancers among U.S. males, 
with annual death rates currently estimated at over 40,000 (61). Current 
treatment for localized prostate cancer is limited to surgery or radiation therapy, 

20 whereas androgen ablation is generally accepted as the best method for treating 
metastatic prostate cancer. Unfortunately, a significant number of patients with 
advanced prostate cancer fail to demonstrate any initial positive response to 
androgen ablation therapy. Moreover, prostatic cells often lose their dependency 
on androgen during cancer progression, and androgen ablation becomes 

25 ineffective, leading to tumor progression and death within 3 years. 

With the incidence of cancer and deaths resulting form cancer increasing, 
there remains a continuing need for the development of alternative therapeutic 
molecules and treatments for cancer. In particular, there is an on-going need for 
therapies that have minimal toxic side effects. 
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Summary of the Invention 

The present invention provides a method for inhibiting tumor cell growth 
in a mammal afflicted with a tumor comprising administering a vector 
comprising a DNA expression cassette comprising a promoter and a DNA 
5 sequence encoding TRAIL, wherein the expression of TRAIL protein results in 
tumor inhibition. The vector may be a non-replicative viral vector. The vector 
may be adenovirus, adeno-associated virus, herpesvirus, lentivirus, retrovirus, 
vaccinia virus, or other gene delivery vector, or naked DNA. The TRAIL may 
be human TRAIL. The promoter used in the present invention may be, but is not 

10 limited to, a cytomegalovirus promoter, an RSV promoter, or a tissue-specific 
promoter. The expression cassette may further comprise regulatory elements 
including, but not limited to, enhancers and tissue-specific regulatory elements 
regulating TRAIL expression or controlling viral replication. The method of the 
present invention may also include administering a chemotherapeutic agent, a 

1 5 radiotherapeutic agent, or an immune potentiating gene or protein. 

The tumor to be treated using the method of the present invention may be 
a solid tumor and may be cancerous. In particular, the solid tumor may be a lung 
tumor, a melanoma, a mesothelioma, a mediastinum tumor, esophagal tumor, 
stomach tumor, pancreal tumor, renal tumor, liver tumor, hepatobiliary system 

20 tumor, small intestine tumor, colon tumor, rectum tumor, anal tumor, kidney 
tumor, ureter tumor, bladder tumor, prostate tumor, urethral tumor, testicular 
tumor, gynecological organ tumor, ovarian tumor, breast tumor, endocrine 
system tumor, or central nervous system tumor. 

In the present invention, the vector may be administered by injection. 

25 The vector may be administered in combination with a pharmaceutically 

acceptable carrier. The carrier may be a solution or a slurry, such as Gelfoam® 
or a matrix. The carrier may further contain an agent that enhances gene 
delivery and/or expression. The carrier may contain immune enhancing agents 
such as cytokines. 

30 The term '"mammal" as used herein refers to any mammal classified as a 

mammal, including humans, cows, horses, dogs and cats. In particular, the 
mammal is a human. 

3 
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The present invention further provides a method for causing tumor 
regression or elimination in a mammal afflicted with a tumor comprising 
administering to a TRAEL-sensitive cell a vector comprising DNA encoding 
TRAIL, wherein the expression of TRAIL protein results in tumor regression or " 
5 elimination. 

The term "inhibition" refers to the halting of the cellular reproduction or 
growth of a tumor, "regression" refers to the decrease in size of a tumor, and 
"elimination" refers to the eradication of most or all of the tumor cells. The 
terms "cancer" and "malignant" are used interchangeably in the present 
10 application. "Cancer" or "cancerous" refer to or describe the physiological 

condition in mammals that is typically characterized by unregulated cell growth. 
The term "biologically active" for the purposes herein means having the ability 
to induce or stimulate apoptosis in at least one type of mammalian cell in vivo or 
ex vivo. 

is Brief Description of the Drawings 

Figure 1. Generation of adenovirus encoding h TRAIL (Ad5-TRAIL). 
(A). Map of the vector used to generate Ad5-TRAIL. Map units (m.u.) 2-8, 
which contains the El genes, were deleted from the adenoviral backbone. The 
hTRAIL cDNA was positioned into the vector behind the immediate early CMV 

20 promotor, and in front of the S V40 polyadenylation sequence. Transfection of 
this vector into human embryonic kidney 293 cells was performed for viral 
propagation. (B). Ad5-TRAJDL-infected 293 cells express TRAIL protein. Cell 
lysates from uninfected or Ad5-TRAIL-infected 293 cells were prepared 24 
hours after infection, and TRAIL protein production was determined by Western 

25 blot analysis. Molecular weights listed are in kD. 

Figure 2. Susceptibility of human tumor cell lines and noimal prostate 
epithelial cells to adenovirus infection. (A). 24-well plates were seeded with 1 0 5 
cells/well and allowed to attach for at least 6 hours before infecting with Ad5- 
GFP (1000 pfu/cell for 4 hours) as described in Example 2 below. Infection 

30 efficiency was determined after 24 hours incubation by flow cytometry, and 
open histograms represent uninfected cells and filled histograms represent Ad5- 
GFP-infected cells. The percentage of GFP-positive cells is indicated for each 
cell type. All histograms represent 10 4 gated cells, and viability was >95% as 
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assessed by propidium iodide exclusion. (B). 96-well plates were seeded with 
10 4 cells/well and allowed to attached for at least 6 hours before infection with 
Ad5-Pgal at the indicated number of pfu/cell for 4 hours. P-galactosidase 
activity was determined after 24 hours incubation using a chemiluminescent 
5 reporter gene assay system as described in Example 2 below. Experiments 
reported in (A) and (B) were repeated at least three times with similar results. 

Figure 3. Death of PC-3 cells after Ad5-TRAIL infection results from 
increased production of TRAIL protein. (A). Microtiter plates were seeded with 
2 X 10 4 cells/well and allowed to adhere for at least 6 hours before infection with 

10 Ad5-TRAEL, Ad5-Pgal, or Ad5-GFP at the indicated number of pfu/cell for 4 
hours. Cells were washed with PBS, and then incubated with medium alone or 
medium containing recombinant TRAIL (rTRAIL) at the indicated 
concentrations. Cell viability was determined after 20 hours by crystal violet 
staining. Each value represents the mean of three wells. For clarity, S.D. bars 

15 were omitted, but were <5% for all data points. Similar results were observed in 
three independent experiments. (B). Production of TRAIL protein following 
Ad5 -TRAIL infection. 24-well plates containing 5 X 10 5 cells/well were 
infected with Ad5-TRAIL or Ad5-pgal (1000 pfu/cell) for 4 hours, cell lysates 
were prepared at the indicated times after infection, and TRAIL protein levels 

20 were determined by Western blot analysis. Lysates of uninfected PC-3 cells or 
Ad5-TRAIL-infected 293 cells were used as negative and positive controls, 
respectively. 

Figure 4. Ad5-TRAIL-infected PC-3 cells undergo apoptotic cell death. 
(A). Kinetics of caspase-8 and PARP cleavage following Ad5-TRADL infection. 

25 24-well plates containing 5 X 1 0 5 cells were infected with Ad5-TRADL or Ad5- 
Pgal (1000 pfu/cell) for 4 hours, cell lysates were prepared at the indicated times 
after infection, and caspase-8 and PARP cleavage was determined by Western 
blot analysis. Caspase-8 activation yields an 18 kD active subunit from the 55 
kD inactive form. Cleavage of PARP from 116 kD to 85 kD occurs during 

30 apoptotic cell death. For comparison, lysates from uninfected or Ad5-pgal- 

infected PC-3 cells were also examined. (B). Inhibition of Ad5-TRAIL-induced 
apoptosis by z-VAD-fink. Microtiter plates were seeded with 2 X 10 4 cells/well 
and allowed to adhere for at least 6 hours. Ad5-TRAIL infection (1000 pfu/cell) 

5 
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was done in the presence of either z-VAD-fink (20 nM) or DMSO, which were 
also added to the medium after infection. Cells infected with Ad5-TRAEL or 
Ad5-pgal in medium alone served as controls. Cell viability was deteimined 
after 20 hours by crystal violet staining. Each value represents the mean of 3 
5 wells. For clarity, standard deviation bars were omitted from the graph, but were 
less than 5% for all data points. Experiments were performed at least three 
separate times with similar results. (C). Ad5-TRAIL-infected cells externalize 
phosphatidylserine (PS) . PC-3 cells were infected with Ad5-TRAIL or Ad5- 
Pgal (1000 pfu/cell) for 4 hours, and then cultured for 6 hours in complete 
10 medium. Cells were then stained with FITC-annexin V and analyzed by flow 
cytometry. Cells treated with recombinant, soluble TRAIL (100 ng/ml) served 
as a positive control. The percent of FITC-annexin V positive tumor cells is 
indicated for each condition. Histograms represent 10 4 gated tumor cells. 

Figures. TRAIL expression following Ad5-TRAIL infection. (A) Flow 
15 cytometric analysis of TRAIL protein expression on WM 164 cells. WM 164 
cells were infected with Ad5~Pgal or Ad5-TRAIL (1 000 pfu/cell) for 4 hours, 
and then analyzed for TRAIL expression after 12 hours. Some of the Ad5- 
TRAIL-infected cells were also cultured in the presence of Brefeldin A (BFA; 5 
jig/ml) during and after infection. Open histograms represent staining by the 
20 isotype control, whereas filled histograms represent staining by Ml 8 1 (anti- 
TRAIL mAb). Histograms represent 10 4 gated cells in all conditions. (B). 
Brefeldin A treatment does not inhibit TRAIL protein production. WM 1 64 cells 
were infected in the absence or presence of Brefeldin A (5 jig/ml) with Ad5- 
TRAIL (1 000 pfu/cell) for 4 hours, cell lysates were prepared at the indicated 
25 times after infection, and TRAIL protein levels were determined by Western blot 
analysis. A lysate of Ad5-TRAIL-infected 293 cells was used as a positive 
control. 

Figure 6. Tumor cell death after Ad5-TRAIL infection can be inhibited 
by Brefeldin A, but not TRAIL receptorrFc. Microtiter plates were seeded with 2 
30 X 1 0 4 PC-3 cells/well and allowed to adhere for at least 6 hours before infection 
with Ad5-TRAIL alone or in the presence of (A) TRAIL-R2:Fc (TR-2:Fc; 20 
^ig/ml), (A) Fas:Fc (20 jig/ml), (B) Brefeldin A (BFA; 5 fig/ml), (B) EtOH, or 
Ad5-Pgal alone at the indicated number of pfu/cell for 4 hours. Cells were 
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washed with PBS, and then incubated with medium alone, medium containing 
TR-2:Fc, Fas:Fc, BFA, or EtOH, or medium containing recombinant TRAIL 
(rTRAIL) at the indicated concentrations. Cell viability was determined after 20 
hours by crystal violet staining. (C). PrEC or WM 164 cells were infected with 
5 Ad5-TRAIL (1000 pfu/cell) for 4 hours, incubated for 12 hours, and then 

cultured for 8 hours with 51 Cr-labeled PC-3 target cells at the indicated effector- 
target cell ratios. Soluble TRAIL or uninfected PrEC or WM 164 cells were 
used as positive and negative controls, respectively, and added to target cells as 
indicated (D) Inclusion of the fusion protein TRAIL-R2:Fc (20 jig/ml) to Ad5- 

10 TRAIL-infected WM 1 64 cells inhibited killing of PC-3 target cells, while 
addition of Fas:Fc (20 jig/ml) did not. Each value represents the mean of three 
wells. For clarity, S.D. bars were omitted, but were <5% for all data points. 
Similar results were observed in three independent experiments. 

Detailed Description of the Invention 

15 Cell death by necrosis is a pathologic form of cell death resulting from 

some trauma or cellular injury and is characterized by swelling of the cell, 
disintegration of the cell membrane and nuclear flocculation. Cell death by 
apoptosis occurs naturally in many physiological processes, including embryonic 
development and clonal selection in the immune system, and usually proceeds in 

20 an orderly or controlled manner. Apoptosis is characterized by cell shrinkage, 
membrane vesicle formation and condensation of chromatin. Decreased levels 
of apoptotic cell death have been associated with a variety of pathological 
conditions including cancer, lupus, and herpes virus infection. The present 
invention is based on the finding that when a vector expressing a nucleic acid 

25 expression cassette encoding TRAIL was introduced into a TRAIL-sensitive 
tumor cell, TRAIL protein was produced, which rapidly led to cell death by 
apoptosis. 

The identification of TRAIL several years ago generated a great deal of 
interest, when it was determined that it appeared to have the ability to induce 
30 apoptosis in a variety of tumor cell lines but not in nonnal cells in vitro. 

Moreover, it was observed that TRAIL mRNA is constitutively expressed in a 
wide variety of cells and tissues. These were unusual characteristics for a death* 
inducing molecule in the TNF family, as the expression of TNF, LT-a, and Fas 

7 
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ligand is tightly regulated since they can have toxic effects on normal tissues. 
The tumor-specific activity of TRAIL was extended in vivo with the observation 
that treatment of SCH) and nude mice bearing human tumors with soluble 
TRAIL significantly inhibited tumor outgrowth without any observable toxic 
5 side effects to the host (20-22). This inhibition of tumor outgrowth, though, 
required high amounts of TRAIL given over several days shortly after tumor 
implantation. Pharmacokinetic analysis revealed that soluble TRAIL given to 
mice intravenously displayed an elimination half-life of just under 5 hours(20). 
Given that many normal tissues express mRNA for at least one of the four 

10 TRAIL receptors, this suggests that almost all the tissues in the body have the 
potential to bind and sequester soluble TRAIL and, thus, prevent it from 
reaching the tumor. 

An alternative approach would be to administer TRAIL locally, where it 
would exist at a greater concentration and have a better chance of significantly 

15 inducing tumor cell death. Such localized, intratumoral injections of soluble 
TRAIL would, however, be limited in that only a relatively small volume could 
be administered, suggesting that a potentially suboptimal amount of TRAIL 
protein would be used. In contrast, adenovirus (or an alternate gene delivery 
vehicle) can be produced at high levels, such that small volumes would contain 

20 high numbers of vectors carrying the TRAIL gene. The use of the CMV 

promoter to drive the transcription of the transferred TRAIL gene serves as an 
additional mechanism to further increase the local concentration of TRAIL 
protein because it is not transcriptionally regulated in the same manner as the 
TRAIL promoter. Only when the process of apoptosis has disrupted cellular 

25 functions sufficiently to affect protein production in the Ad-TRAIL-infected 
tumor cell will the generation of TRAIL stop. In addition to the direct 
elimination of tumors by the induction of apoptosis, TRAIL-induced apoptotic 
bodies can function to enhance tumor-specific immune activation. Immune 
activation may be potentiated by co-delivery of immune activation agents such 

30 as cytokines or genes coding for these agents. 

The concept of gene therapy has recently developed into a viable method 
of treating malignant transformation and cancer progression. Whereas some 
therapies have focused on replacing absent critical functional genes in the target 
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cells to restore a normal phenotype, other approaches have been based on 
introducing genes that encode immunostimulatory molecules to activate the 
immune system against the tumor. Many of these studies have employed the use 
of replication-deficient adenoviral vectors derived from adenovirus type 5 (Ad5) 
5 to transfer the gene of interest into the target tumor cells. For example, 
adenoviral vectors encoding CD80, IFN-P, IL-2, IL-7, and IL-12 have all 
demonstrated the ability to stimulate antitumor responses after administration 
(41-46). The combination of adenovirus-mediated delivery of the herpes 
simplex virus thymidine kinase gene and ganciclovir therapy has proved 

10 efficacious in treating prostate cancer (47,48). Also, adenoviral vectors 
expressing Fas ligand have been tested in the treatment of prostate cancer 
models, experimental glioma, and renal carcinoma (49-51). 

Even with these promising observations, inununogenicity remains a 
potential problem with adenoviral-based vectors. Antibodies present in the 

15 patient may quickly neutralize the adenovirus before it can deliver its genetic 
load, as there is widespread immunity to a variety of adenovirus serotypes in 
humans. Recent results from a phase I clinical trial, however, reported the safety 
of using adenoviral vectors as a gene delivery vehicle in humans and 
demonstrated successful transgene expression even in the presence of pre- 

20 existing immunity to adenovirus (43). Intratumoral administration of Ad5- 
TRAIL provides the virus with an appropriate environment for infection of the 
tumor and surrounding tissue, which leads to gene expression and sufficient 
TRAIL protein production to induce tumor cell death. 

It was surprising that there were differences in tumor cell death following 

25 Ad5-TRAIL infection as compared to soluble TRAIL-induced death. The 
relative activity of AdS-TRAIL is dependent upon its ability to infect a target 
cell. Adenovirus infection requires the expression of CAR (coxsackievirus and 
adenovirus receptor) and the expression of certain integrins, such as and 
o^Pj (3 1-33). All of the tumor cell lines and the normal prostate epithelial cells 

30 were highly susceptible to adenovirus infection, suggesting that each cell type 
differentially regulated the translation of TRAIL mRNA into protein. Additional 
regulation may result in the transport of any TRAIL that is produced from the 
cytoplasm to the cell surface at different rates. The surface expression of TRAIL 

9 
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is required for apoptosis induction as the inhibition of protein transport by 
Brefeldin A inhibited cell death, but not the production of TRAIL protein, 
following Ad5 -TRAIL infection. 

Whereas surface expression of TRAIL is essential for the observed 
5 tumoricidal activity of AdS-TRAIL, the sensitivity of the cell to TRAIL-induced 
apoptosis is also an important component of this phenomenon. This was best 
demonstrated by the fact that the melanoma cell line WM 1 64 and the nonnal 
prostate epithelial cells, which were resistant to soluble TRAIL-mediated 
apoptosis, were also resistant to effects of Ad5-TRAIL infection. The 

10 identification of two TRAIL receptors that are capable of initiating the apoptotic 
machinery (TRAIL-R1 and -R2) and two that are not (TRAIL-R3 and -R4), led 
to the initial hypothesis that the expression of TRAIL-R3 and/or -R4 conferred 
resistance to TRAIL-induced death (1 1,12,18,19). However, this hypothesis was 
formulated by examining TRAIL receptor mRNA expression in several normal 

15 tissues and tumor cell lines, and from experiments in which TRAEL-R3 or -R4 
were overexpressed in transfected cells. Most of the tumor cell lines used in this 
study express TRAIL-R3 and/or -R4 yet were sensitive to TRAIL (soluble or 
Ad5-TRAIL-derived) mediated death (36,52) so it is unlikely that expression of 
either TRAJL-R3 or -R4 plays a role in determining their resistance to TRAIL. 

20 One possible explanation for the resistance of the WM 164 cells to Ad5- 

TRAIL may come from a component of the cell death machinery called FLIP 
(FLICE inhibitory protein). FLIP is believed to inhibit the death receptor 
signaling machinery at its most proximal point by preventing the interaction of 
caspase-8 and/or FADD to the death domains of cross-linked death receptors, 

25 and thus inhibit any downstream apoptotic signaling events (53). Intracellular 
levels of FLIP are high in the TRAIL-resistant melanoma cell line WM 1 64 (36), 
and high FLIP levels have also been shown to correlate with resistance to 
TRAH^mediated apoptosis in primary versus transformed keratinocytes (54). 
While FLIP may have a protective function in the WM 164 tumor cell line, it is 

30 likely to be one of several intracellular proteins that cooperate with other 

molecules (both intracellular and at the cell surface) to regulate TRAIL-induced 
death in tumor cell lines. 
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The participation ofTRAIL-R3 and -R4 in regulating TRAIL sensitivity 
may be greater, however, in normal cells/tissues or primary tumors than in 
established tumor cell lines. The treatment of normal human umbilical vein or 
microvascular endothelial cells with phospholipase C (to strip the GPI-linked 
5 TRAIL-R3 from the surface) and cycloheximide (to prevent the re-expression of 
any TRAIL-R3) sensitized these cells to TRAIL (13). This would suggest that 
TRAIL-R3 is a key regulator of the sensitivity of normal cells to TRAIL-induced 
death, but the addition of cycloheximide may inhibit the production of some 
other protein (perhaps FLIP) critical for TRAIL resistance. Furthermore, it is not 

10 known how much TRAIL-R3 or -R4 is needed to inhibit the formation of a 
competent TRAIL-R1 or -R2 signaling complex. RT-PCR analysis of the 
normal prostate epithelial cells detected mRNA species for all four TRAIL 
receptors (TG, unpublished observation), making it possible for TRAIL-R3 
and/or -R4 to enter into the TRAIL-ligated receptor complex on the prostate 

15 epithelial cells, and thus making it incapable of initiating apoptosis. As with the 
tumor cell lines, it is difficult to determine at this time what is the exact 
mechanism that regulates TRAIL sensitivity and resistance in normal cells and 
tissues. 

The observed "suicide"-like death of the Ad5-TRAIL-infected tumor 
20 cells is not the only mechanism by which tumor cells may die with this kind of 
gene transfer therapy in vivo. The intralesional injection of Ad5-TRAIL would 
likely result in the infection of both cancerous and normal cells surrounding the 
injection site. While the normal prostate epithelial cells tested in the report were 
not killed when infected with Ad5-TRAIL, they still produced TRAIL protein 
25 from the transferred gene as evidenced by the fact that they could then be used to 
kill PC-3 cells in a TRAIL-dependent manner (Figure 6C & D). This suggests 
that it would not be imperative for Ad5-TRAIL to infect the tumor cell, as 
infection in either the tumor itself or the surrounding normal tissue would lead to 
the localized production of TRAIL. In addition, the apoptotic death resulting 
30 from Ad5-TRAEL infection may help initiate a T cell-mediated immune response 
against any remaining tumor cells. Recent reports have demonstrated that 
immature dendritic cells (DCs) can engulf apoptotic bodies and present antigens 
derived from these cell fragments in an MHC class I-restricted fashion upon 

11 
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maturation, resulting the CTL activity (55,56). Likewise, the combination of 
Ad5-TRAIL with an immunostimulatory cytokine (i.e. EL- 12, IFN-y) may result 
in the initiation of a tumor-specific immune response against any remaining 
tumor cells. 

5 The present invention is directed to a gene delivery vehicle, such as a 

adenoviral vector, engineered to carry a nucleic acid expression cassette 
encoding TRAIL. The vector carrying the TRAIL gene is injected into the 
tumor. Shortly after introduction of the vector into TRADL-sensitive tumor cell 
targets, TRAIL protein is produced and rapidly leads to the induction of 
10 apoptosis in the tumor cells. This method of administering a vector engineered 
to encode the nucleic acid for TRAIL is useful in the field of oncology for 
treating solid mammalian tumors, such as cancers of the lung, melanoma, 
mesothelioma, mediastinum, esophagus, stomach, pancreas, renal, liver, 
hepatobiliary system, small intestine, colon, rectum, anus, kidney, ureter, 
15 bladder, prostate, urethra, testicular, gynecological organs, ovarian, breast, 
endocrine system, and central nervous system. Those with skill in the art will 
recognize other possible solid tumor candidates. 

The use of a vector containing the TRAIL gene, as opposed to soluble 
TRAIL protein, allows for a localized expression of TRAIL protein directly in 
20 the tumor, resulting in high local TRAIL concentration. In addition, TRAIL 
protein production is extended over time, therefore diminishing the problems 
associated with rapid clearance of soluble TRAIL administered systemically. 

The TRAIL encoded by DNA of the present invention includes human 
TRAIL (hTRAIL) as well as homologous TRAIL from other mammalian 
25 species, TRAIL variants (both naturally occurring variants and those generated 
by recombinant DNA technology), and TRAIL fragments, z.e., only a portion of 
the full-length protein, that retain a desired biological activity. The term 
biologically active" means having the ability to induce or stimulate apoptosis in 
at least one type of mammalian cell in vivo or ex vivo. Examples of TRAIL 
30 encoded by the DNA of the present invention include nucleotide sequences 
encoding for TRAIL containing the entire extracellular domain. Fragments of 
the extracellular domain that retain a desired biological activity are also 
provided. Such fragments advantageously include regions of TRAIL that are 
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conserved in proteins of the TNF family of ligands. Additional examples of 
TRAIL polypeptides are those lacking not only the cytoplasmic domain and 
transmembrane region, but also all or part of the spacer region. 

Due to the degeneracy of the genetic code, two DNA sequences may 
5 differ, yet encode the same amino acid sequence. The present invention thus 
provides isolated DNA sequences encoding biologically active TRAIL, selected 
from DNA comprising the coding region of a native human or mammalian 
TRAIL cDNA, or fragments thereof, and DNA which is degenerate as a result of 
the genetic code to the native TRAIL DNA sequence. 

10 A "variant* 9 of TRAIL is a polypeptide that is not completely identical to 

native TRAIL. Such a variant TRAIL can be obtained by altering the amino acid 
sequence by insertion, deletion or substitution of one or more amino acid. The 
amino acid sequence of the protein is modified, for example by substitution, to 
create a polypeptide having substantially the same or improved qualities as 

15 compared to the native polypeptide. The substitution may be a conserved 

substitution. A "conserved substitution" is a substitution of an amino acid with 
another amino acid having a similar side chain. A conserved substitution would 
be a substitution with an amino acid that makes the smallest change possible in 
the charge of the amino acid or size of the side chain of the amino acid 

20 (alternatively, in the size, charge or kind of chemical group within the side chain) 
such that the overall peptide retains its spacial conformation but has altered 
biological activity. For example, common conserved changes might be Asp to 
Glu, Asn or Gin; His to Lys, Arg or Phe; Asn to Gin, Asp or Glu and Ser to Cys, 
ThrorGly. Alanine is commonly used to substitute for other amino acids. The 

25 20 essential amino acids can be grouped as follows: alanine, valine, leucine, 
isoleucine, proline, phenylalanine, tryptophan and methionine having nonpolar 
side chains; glycine, serine, threonine, cystine, tyrosine, asparagine and 
glutamine having uncharged polar side chains; aspartate and glutamate having 
acidic side chains; and lysine, arginine, and histidine having basic side chains. 

30 L. Stryer, Biochemistry (2d ed.) p. 14-15; Lehninger, Biochemistry p. 73-75. 

The amino acid changes are achieved by changing the codons of the 
corresponding nucleic acid sequence. It is known that such polypeptides can be 
obtained based on substituting certain amino acids for other amino acids in the 
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polypeptide structure in order to modify or improve biologic activity, such as 
antigenic or immunogenic activity. For example, through substitution of 
alternative amino acids, small conformational changes may be conferred upon a 
polypeptide which result in increased activity. Alternatively, amino acid 
5 substitutions in certain polypeptides may be used to provide residues which may 
then be linked to other molecules to provide peptide-molecule conjugates which 
retain sufficient biologic properties of 

The variant TRAIL comprises at least the smallest region of TRAIL 
ligand or variant capable of inducing apoptosis through TRAIL receptors. The 

10 degree of homology (percent identity) between a native and a variant sequence 
may be determined, for example, by comparing the two sequences using 
computer programs commonly employed for this purpose. One suitable program 
is the GAP computer program described by Devereux et al {Nucl Acids Res. 
12:387, 1984), which is available from the University of Wisconsin Genetics 

1 5 Computer Group. 

The amino acid sequence of the variant TRAIL polypeptide corresponds 
essentially to the native TRAIL amino acid sequence. As used herein 
"corresponds essentially to" refers to a polypeptide sequence that will elicit a 
biological response substantially the same as the response generated by native 

20 TRAIL. Such a response may be at least 60% of the level generated by native 
TRAIL, and may even be at least 80% of the level generated by native TRAIL. 
A variant of the invention may include amino acid residues not present in the 
corresponding native TRAIL or deletions relative to the corresponding native 
TRAIL. 

25 Nucleic acid is "operably linked" when it is placed into a functional 

relationship with another nucleic acid sequences. For example, DNA for a 
presequence or secretory leader is operably linked to DNA for a polypeptide if it 
is expressed as a preprotein that participates in the secretion of the polypeptide; a 
promoter or enhancer is operably linked to a coding sequence if it affects the 

30 transcription of the sequence; or a ribosome binding site is operably linked to a 
coding sequence if it is positioned so as to facilitate translation. Generally, 
"operably linked" means that the DNA sequences being linked are contiguous, 
and, in the case of a secretory leader, contiguous and in reading phase. However, 
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enhancers do not have to be contiguous. Linking is accomplished by ligation at 
convenient restriction sites. If such sites do not exist, the synthetic 
oligonucleotide adaptors or linkers are used in accordance with conventional 
practice. 

5 Further, fusion proteins can be generated comprising operably linking 

multiple copies of the nucleic acid encoding TRAIL or heterologous DNA 
encoding one or more different proteins into the expression vector. These 
multiple nucleic acids may be separated by linkers. The fusion proteins may be 
produced using conventional recombinant DNA technology. 

10 Expression vectors that may be used in the present invention are any 

vehicles capable of delivering the TRAIL gene, such as adenovirus, adeno- 
associated virus, herpesvirus, lentivirus, retroviruses, vaccinia, or naked DNA. 
In particular, the expression vector is a non-replicative adenovirus vector. The 
nucleic acid encoding TRAIL is operably linked to a promoter. The expression 

15 vector contains an expression cassette, which is a nucleic acid segment 
comprising at least a first gene that one desires to have expressed and the 
necessary regulatory elements for expressing the gene in the target cell. 
Preferred regulatory elements for use with the invention include promoters, 
enhancers and terminators. 

20 Most endogenous genes have regions of DNA that are known as 

promoters, which regulate gene expression. Promoter regions are typically 
found in the flanking DNA upstream from the coding sequence in both 
prokaryotic and eukaryotic cells. A promoter sequence provides for regulation 
of transcription of the downstream gene sequence and typically includes from 

25 about 50 to about 2,000 nucleotide base pairs. Promoter sequences also contain 
regulatory sequences such as enhancer sequences that can influence the level of 
gene expression. Some isolated promoter sequences can provide for gene 
expression of heterologous DNAs, that is a DNA different from the native or 
homologous DNA. 

30 Promoter sequences are also known to be strong or weak, or inducible. A 

strong promoter provides for a high level of gene expression, whereas a weak 
promoter provides for a very low level of gene expression. An inducible 
promoter is a promoter that provides for the turning on and off of gene 
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expression in response to an exogenously added agent, or to an environmental or 
developmental stimulus. Promoters can also provide for tissue specific or 
developmental regulation. 

The expression cassette of the invention is operably linked to a promoter, 

( 5 which provides for expression of a linked DNA sequence. The DNA sequence is 
operably linked to the promoter when it is located downstream from the 
promoter, to form an expression cassette. An isolated promoter sequence that is 
a strong promoter for heterologous DNAs is advantageous because it provides 
for a sufficient level of gene expression. Preferred promoters will generally 

10 include, but are not limited to, a strong mammalian promoter such as the 

cytomegalovirus promoter, the RSV promoter or any tissue-specific promoter. 

The carrier for the TRAIL may be a fluid-based carrier, such as a saline 
solution, a slurry, such as a gelatin-based carrier, a matrix, collagens or polymers 
useful to enhance gene transfer or gene expression. For example, the carrier may 

15 be Gelfoam®. The carrier may comprise additional compounds that can 

stimulate or enhance the immune system, such as a cytokine. Alternatively, the 
canier may comprise one or more chemotherapeutic agents, radiotherapeutic 
agents, or immune potentiating genes or proteins. Such therapeutics effective 
against cancer are well known in the art. 

20 According to the invention, cancer cells are treated in vivo by 

administration to a mammal afflicted with cancer of an effective amount of the 
vector containing the TRAIL gene. As used herein, an "effective amount" is that 
amount that results in an inhibition of growth of the target cancer cells. As 
described herein, a suitable dose is the vector level capable of inducing a 

25 biologically relevant effect. 

It will be appreciated that the amount of the compound, derivative 
thereof^ required for use in treatment will vary not only with the particular 
solution selected but also with the nature of the condition being treated, and the 
age and condition of the patient The amount will be ultimately at the discretion 

30 of the attendant physician or clinician. 

The composition of the present invention can be administered in 
conjunction with known anti-tumor chemotherapies and/or with known radiation 
therapies, and/or with known immune potentiating therapies. 
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The therapeutics described herein are believed to be effective in the jj 
treatment of solid mammalian tumors. These solid tumors include lung tumors, \ 
melanoma, mesothelioma, mediastinum tumors, esophagal tumors, stomach \ 

i 

tumors, pancreal tumors, renal tumors, liver tumors, hepatobiliary system f 

i 

5 tumors, small intestine tumors, colon tumors, rectum tumors, anal tumors, \ 

kidney tumors, ureter tumors, bladder tumors, prostate tumors, urethral tumors, ij 

I 

testicular tumors, gynecological organ tumors, ovarian tumors, breast tumors, \ 

V 

endocrine system tumors, or central nervous system tumors. I 
In the present invention, the entire coding sequence of human TRAIL 

10 was cloned into the Xhol and NotI sties of pAd5CMVK-NpA (Fig. 1 A). The 

resultant plasmid and adenovirus backbone sequences restricted of El were \ 
transfected into human embryonic kidney (HEK) 293 cells, and plaques were 
isolated and amplified for analysis of TRAIL expression. 

Expression of the TRAIL protein results in its interaction with a death- 

15 inducing TRAIL-receptor, whereby the cell is induced to die by apoptosis. The 
TRAIL/TRAIL receptor interaction takes place in the same cell or between 
adjacent cells. Only the TRAIL-sensitive tumor cells die in this procedure, 
whereas the surrounding normal tissue is not harmed. Addition of Brefeldin A, a 
fungal metabolite that specifically blocks protein transport from the endoplasmic 

20 reticulum to the Golgi apparatus (and ultimately the cell surface), to the target 
cells inhibited TRAIL surface expression and subsequent apoptotic death. 

The localized production of a membrane-bound form of TRAIL, instead 
of a soluble form, results in a high "local" concentration of TRAIL that is able to 
significantly influence tumor cell growth before elimination. This is the first use 

25 of TRAIL in a gene transfer/gene therapy setting, which presents a variety of 
new possibilities for using TRAIL (the gene and/or the protein) as an antitumor 
agent. 

The following examples are intended to illustrate but not limit the 
invention. 
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EXAMPLES 

Example 1: Production of TRAIL-encoding adenovirus 

The cDNA encoding human TRAIL (hTRAIL) was inserted into the El 
region of a replication deficient adenovirus type 5 construct under the control of 
5 the CMV immediate early promoter (Figure 1 A) to form an Ad-TRAIL vector. 
The cDNA for hTRAIL was obtained from Dr. Hideo Yagita (Juntendo 
University, Tokyo Japan, Ref. 25). A replication-deficient adenovirus encoding 
the hTRAIL gene (Ad5-TRAIL) expressed from the cytomegalovirus (CMV) 
promotor was generated using standard methods by the University of Iowa Gene 

10 Transfer Vector Core (Iowa City, IA) (26). Briefly, the entire coding sequence 
of human TRAIL was cloned into the Xhol and NotI sites of pAd5CMVK-NpA. 
The resultant plasmid and adenovirus backbone sequences (adenovirus type 5; 
Ref. 27) that had the El (El A and E1B) genes deleted were transfected into 
human embryonic kidney (HEK) 293 cells, and viral particles were isolated and 

15 amplified for analysis of TRAIL expression. Recombinant adenoviruses 
encoding nuclear-targeted bacterial p-galactosidase (Ad5-Pgal) or green 
fluorescent protein (Ad5-GFP) were used as virus controls. Recombinant 
adenoviruses were screened for replication competent virus by A549 plaque 
assay, and virus titer was determined by plaque assay on 293 cells. Purified 

20 viruses were stored in PBS with 3% sucrose and kept at -80 °C until use. 

The Ad-TRAIL plasmid was transfected into HEK 293 cells to propagate 
the virus. Cells were cultured in complete medium, and permitted to adhere for 
at least 6 hoursbefore adding adenovirus. Prior to infection, cells were washed 
with PBS, and then the vectors were added at the indicated number of plaque 

25 forming units (pfu)/cell in culture medium supplemented as described above but 
with only 2% FBS. After 4 hours, cells were washed with PBS and incubated in 
complete medium for the remainder of the assay. 

Ad5-TRAIL-infected 293 or uninfected 293 cells were lysed, and the 
cellular proteins were separated by nonreducing SDS-PAGE to assay for TRAIL 

30 expression by Western blotting. Cells were lysed in PBS containing 1% Nonidet 
P-40, 0.35 mg/ml PMSF, 9.5 jig/ml Leupeptin, and 13.7 ng/ml Pepstatin A. The 
lysed cells were centrifuged at 14,000 X g to remove cellular debris, and protein 
concentrations of the lysates were determined by the coloiimetric bicinchoninic 
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acid analysis (Pierce Chemical Company, Rockford, IL). Equal amounts of 
protein were separated by SDS-PAGE, transferred to nitrocellulose membrane 
(Novex, San Diego, CA), and blocked with 5% nonfat dry milk in PBS-Tween- 
20 (0.05% v/v) overnight. The membrane was incubated with the anti-caspase-8, 
5 -PARP, or -hTRAIL mAb (diluted according to manufacturer's instructions) for 
1 hours. After washing, the membrane was incubated with an anti-mouse or 
anti-rabbit-HRPO antibody (diluted 1 :1000, Amersham, Arlington Heights, IL) 
for 1 hours. Antibodies against caspase-8 (provided by Dr. Marcus Peter, 
University of Chicago), poly (ADP-ribose) polymerase (PARP; Pharmingen, San 

10 Diego, CA), and hTRAIL (PeproTech, Rocky Hill, NJ) were used for Western 
blotting according to manufacturer's instruction. Following several washes, the 
blots were developed by chemiluminescence according to the manufacturer's 
protocol (Renaissance chemiluminescence reagent, DuPont NEN, Boston, MA). 
Amino acid sequence analysis of the TRAIL cDNA predicts a weight of 

15 32.5 kD for TRAIL monomers (9,10). As demonstrated in Figure IB, prominent 
bands migrating at 32-35 kD and 55-58 kD are clearly evident, which correspond 
to TRAIL monomers and dimers, respectively. Higher order mul timers may be 
present, but were difficult to clearly resolve. In contrast, no corresponding bands 
were present in the uninfected 293 cell lysate. Thus, these results demonstrate 

20 that the adenoviral-mediated gene transfer of hTRAIL results in transgene 
expression in human cells. 

Example 2: Human tumor cells are susceptible to adenovirus infection 

One of the advantages of using an adenoviral vector lies in the ability to 
25 infect epithelial cell populations. Group C adenovirus, such as Ad5, requires the 
interaction between the viral fiber capsid protein to the coxsackievirus and 
adenovirus receptor, or CAR, and the viral penton base binding to certain 
integrins (e.g. a$ 3 and a^) for entry into the cell by receptor-mediated 
endocytosis (31-33). Therefore, apanel of human tumor cell lines (MDA 231, 
30 mammary adenocarcinoma; PC-3, prostate carcinoma; RT-4, bladder papilloma; 
WM 164, melanoma; and WM 793, melanoma) were tested to verify that they 
would be receptive to adenoviral infection prior to examining the effects of Ad5- 
TRAIL infection. 
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The human prostate carcinoma cell line (PC-3) was obtained from Dr. 
Michael Cohen (University of Iowa, Iowa City, IA). The human melanoma cell 
lines (WM 164 and WM 793) were obtained from Dr. Meenhard Herlyn (Wistar 
Institute, Philadelphia, PA). The human mammary adenocarcinoma cell line 
5 (MDA 231) was obtained from Dr. David Lynch (hnmunex Corporation, Seattle, 
WA). The human bladder cancer cell line (RT-4) was obtained from Dr. Scott 
Crist (University of Iowa, Iowa City, IA). PC-3, RT-4, WM 164, and WM 793 
were cultured in Dulbecco's modified Eagle's medium (DMEM) supplemented 
with 10% fetal bovine serum, penicillin, streptomycin, sodium pyruvate, non- 
10 essential amino acids, and HEPES (hereafter referred to as complete DMEM). 
MDA 231 was cultured in RPMI 1640 supplemented with 10% fetal bovine 
serum, penicillin, streptomycin, sodium pyruvate, non-essential amino acids, and 
HEPES (hereafter referred to as complete RPMI). Normal human prostate 
epithelial cells were obtained from Clonetics Corporation (San Diego, CA) and 
15 cultured as directed. 

The tumor cells were infected with either an adenovirus carrying the 
enhanced green fluorescent protein gene (Ad5-GFP) or the P-galactosidase gene 
(Ad5-pgal) for 4 hours, and then analyzed 20 hours later to determine adenoviral 
infection efficiency and transferred gene expression. Cells infected with Ad5- 
20 GFP were analyzed by flow cytometry on a FACScan (Becton Dickinson, San 
Jose, CA) at various time points after infection to determine infection efficiency. 
Cells infected with Ad5-Pgal were assayed for p-galactosidase activity with the 
Galacto-Light Plus chemiluminescent reporter gene assay system (Tropix, 
Bedford, MA) to determine the level of transferred gene expression, 
25 When infected with 1000 pfu/cell Ad5-GFP all of the tumor cell lines 

demonstrated a high percentage of infectivity, ranging from 84.7-99.1% as 
measured by flow cytometry (Figure 2A). Surface expression of TRAIL was 
determined by measuring the binding of the anti-hTRAIL mAb Ml 81 (mouse 
IgGl; Immunex). Briefly, cells were incubated with 10 jig/ml M181 or MOPC- 
30 21 (nonspecific mouse IgGl isotype control, Sigma) in 3% BSA in PBS (PBSA) 
for 30 minutes on ice. Following 3 washes with PBS, cells were incubated with 
a PE-conjugated, Fc-specific goat anti-mouse Ffab^ (Jackson ImmunoResearch 
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Laboratories, West Grove, PA) for 30 minutes on ice. Finally, after 3 washes in 
PBS, the cells were analyzed on a FACscan (Becton Dickinson). 

In addition, normal prostate epithelial cells (PrEC) were also found to be 
highly susceptible to Ad5-GFP infection (95.3%). Infection with Ad5-pgal 
5 revealed that all of the cell types produced protein from the transferred gene in a 
pfu/cell dependent manner; however, there were greater differences in 0- 
galactosidase activity between the different cell types than seen when examining 
GFP production (Fig. 2B). Thus, these results indicate that adenoviral-mediated 
transfer of the p-galactosidase and GFP reporter genes into the cells of interest 
10 resulted in efficient gene transcription and translation into protein, suggesting 
that infection with Ad5-TRAIL should produce TRAIL protein in a similar 
percentage of cells. 

Example 3: Production of TRAIL following AdS-TRABL infection leads to 
15 tumor cell death 

With the demonstration that the human tumor cell line panel was 
adequately infected with adenovirus, subsequent experiments were performed to 
examine the consequences of Ad5-TRAIL infection. Tumor cell sensitivity to 
Ad5-Pgal, Ad5-GFP, or Ad5-TRAIL was assayed using the following procedure. 

20 Cells were added to 96-well plates (2 X 10 4 cells/well) in complete medium, and 
then allowed to adhere for at least 6 hours before infection with the various 
adenoviral vectors as described above. As a positive control, recombinant 
soluble hTRAIL was added to the target cells at the indicated concentrations. In 
some experiments, z-VAD-fink (20 \M) y TRAIL-R2:Fc (20 jig/ml, hnmunex), 

25 Fas:Fc (20 jig/ml, Phanningen) or Brefeldin A (5 ng/ml) was added to the 

medium during and after infection for the remainder of the assay. The tripeptide 
caspase inhibitor, z-VAD-fink was obtained from Enzyme Systems Products 
(Livennore, CA). A stock solution of the inhibitor was prepared in DMSO and 
stored at 4°C. Brefeldin A was purchased from Epicentre Technologies 

30 (Madison, WI), with a stock solution prepared in 100% EtOH and stored at - 
20 °C. Cell death was determined after 20 hours by crystal violet staining as 
described (28). Results are presented as percent cell death: [1 - (OD. cells 
treated per O.D. cells not treated)] X 100. For analysis of apoptosis, tumor cell 
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targets were incubated as described above and apoptotic cell death was measured 
by flow cytometry using FITC-conjugated annexin V (R&D Systems, 
Minneapolis, MN) and propidium iodide (Sigma, St Louis, MO) as described 
(29,30). 

5 The tumor cells were infected with either Ad5-Pgal or Ad5-TRAIL for 4 

hours, and then cultured for an additional 20 hours before determining the 
amount of cell death. As indicated in Figure 3 A, minimal cell death of PC-3 
cells was observed upon infection with Ad5-Pgal. In contrast, a significant 
increase in cell death was seen with Ad5-TRAIL infection. Moreover, the level 
10 of cell death induced by Ad5-TRAIL infection was comparable to that of soluble 
TRAIL-induced death. This cytotoxic activity was seen with other TRAIL- 
sensitive tumor cell targets, but not with the TRAIL-resistant melanoma cell line 
WM 164 or normal prostate epithelial cells (PrEQ (Table I). 

15 . 

Table I. Tumoricidal activity of adenovirus vectors versus TRAIL. 



Target cell 


AdS-pgal 1 


Ad5- 
TRAEL 1 


TRAIL 2 


MDA231 


2.4 ±1.4 


44.7 ±5.6 


89.9 ±0.9 


(breast) 








PC-3 (prostate) 


1.4 ±1.8 


85.5 ±5.2 


90.1 ± 8.7 


RT4 (bladder) 


1.3 ±1.0 


82.4 ±6.1 


89.4 ±5.0 


WM 164 


3.8 ±2.1 


1.2 ±0.8 


5.2 ±2.7 


(melanoma) 








WM793 


2.5 ± 2.8 


56.7 ±9.7 


86.6 ±7.6 


(melanoma) 








Normal 


13.1 ±4.1 


10.0 ±2.6 


14.3 ±1.9 



prostate 
epithelium 

1 Mean percent specific lysis (± SD.) at 1000 pfu/cell. 

2 Mean percent specific lysis (± S.D.) with 1 ng/ml soluble TRAIL. 



35 Analysis of TRAIL protein production by Western blot revealed detectable 

levels in PC-3 cell lysates by 1 hour post-infection, with levels increasing over 
the entire time course (Fig. 3B). In contrast, lysates from uninfected PC-3 cells 
or PC-3 cells examined 20 hours after Ad5-Pgal infection had no detectable 
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TRAIL protein present. Thus, these results demonstrate that tumor cells infected 
with Ad5-TRAIL produce TRAIL protein that, presumably, leads to their death. 

EXAMPLE 4: AdS-TRABL infection induces apoptosis in tumor cell targets 
5 Although crystal violet staining of the tumor cells infected with the 

adenoviral vectors or treated with recombinant TRAIL as presented in Fig. 3 
indicates the amount of cell death, it does not discriminate between apoptotic 
and necrotic cell death. Previous reports have demonstrated that TRADL-induced 
cell death occurs through an apoptotic mechanism characterized by the activation 

10 of a cascade of intracellular proteases, or caspases, and the cleavage of numerous 
intracellular proteins (9,10,14, 34-36). To confirm that the tumor cell death 
following Ad5 -TRAIL infection was mediated through an apoptotic mechanism, 
caspase activation and cellular protein cleavage were examined. Thus, PC-3 
cells were infected with Ad5-TRAIL for 4 hours, cell lysates were prepared at 

1 5 various times after infection, and the cellular proteins were separated by SDS- 
PAGE for Western blot analysis of caspase-8 activation and poly (ADP-ribose) 
polymerase (PARP) cleavage. Activation of caspase-8 occurred within 2 hours 
after infection, while PARP cleavage took place by 4 hours after infection (Fig. 
4A). By 20 hours after infection, the levels of the active pl8 subunit of caspase- 

20 8 and 85-kDa fragment of PARP had dropped below the level of detection, due 
to extensive apoptotic destruction. To further demonstrate the importance of 
caspase activation in the death of Ad5-TRAIL-infected cells, the caspase 
inhibitor z-VAD-fink (caibobenzyloxy-Val-Ala-Asp (OMe) fluoromethyl 
ketone) was added to the culture medium throughout the assay. z-VAD-fink 

25 completely inhibited PC-3 cell death, whereas equal concentrations of the 
peptide vehicle (DMSO) did not (Fig. 4B). 

A second critical event that takes place during apoptosis is the alteration in 
plasma membrane composition that appears to serve as a signal for phagocytes to 
recognize and engulf the apoptotic cells before membrane integrity is 

30 compromised. It has been suggested that phosphatidylserine, a phospholipid 
component of the inner leaflet of the cell membrane that appears in the outer 
leaflet during apoptosis, serves as the marker for phagocytosis (37,38). Annexin 
V has been shown to preferentially bind to phosphatidylserine (39,40), and can 

23 



BMRnnciD: <wn m7<wosAi i > 



WO 01/79495 



PCT/US01/11831 



be used to detect the expression of phosphatidylserine on apoptotic cells (29,30). 
Thus, PC-3 cells infected with Ad5-pgal or Ad5-TRAIL were analyzed for 
annexin V binding. Upon staining the PC-3 cells 6 hours after infection or 
incubation with soluble hTRAIL (100 ng/ml), only those cells infected with 
5 Ad5-TRAIL or incubated with soluble hTRAIL were positive for FTTC-annexin 
V binding (Fig. 4C), providing further evidence that the death of the Ad5- 
TRAIL-infected tumor cells was through an apoptotic mechanism. 
Morphological changes, such as membrane blebbing and the release of apoptotic 
bodies, were also observed in cells infected with Ad5-TRAIL using light 
10 microscopy. 

EXAMPLE 5: Ad5-TRAIL-induced death can be inhibited with Brefeldin 
A, but not TRAIL receptonFc 
The results obtained thus far demonstrated that Ad5-TRAIL infection leads 

1 5 to TRAIL protein production and the subsequent induction of apoptotic cell 
death. However, it was important to also demonstrate the cell death to be a 
TRAIL-dependent phenomenon with the expression of TRAIL on the surface of 
the infected cells. Thus, the TRAIL-resistant (both soluble TRAIL (recombinant 
soluble hTRAIL was purchased from PeproTech and used at the indicated 

20 concentrations) and Ad5-TRAIL) human melanoma WM1 64 was infected with 
Ad5-Pgal or Ad5-TRAIL as in previous experiments, and then analyzed for 
TRAIL expression by flow cytometry after 8 hours. TRAIL-resistant WM 1 64 
cells were used because the cell death that occurred in the TRAEL-sensitive PC-3 
cells following Ad5-TRAIL infection made them difficult to analyze accurately 

25 as non-specific staining increased as the cells became apoptotic. Whereas no 
TRAIL was detectable on uninfected or Ad5-Pgal-infected WM 164 cells, those 
cells infected with Ad5-TRAIL did express TRAIL on the cell surface (Fig. 5 A). 
Interestingly, treatment of the Ad5-TRAIL-infected WM 164 cells with 
Brefeldin A (BFA) resulted in the inhibition of TRAIL expression at the cell 

30 surface. BFA blocks the anterograde migration of proteins through the Golgi 
complex, and thus prevents their expression on the cell surface. The BFA 
treatment did not, however, inhibit the production of TRAIL protein as both 
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treated and untreated Ad5-TRAIL-infected WM 164 cell lysates contained 
TRAIL protein as determined by Western blotting (Fig. 5B). 

Since TRAIL must bind to TRAIL-Rl or -R2 (the death domain, death- 
inducing TRAIL receptors) to initiate the apoptotic process, it was predicted that 
5 disruption of this interaction would protect the TRAIL-sensitive tumor cells 
from Ad5-TRAIL-induced death. To test this, PC-3 cells were infected with 
Ad5-TRATL and then cultured for 20 hours in medium alone, or medium 
containing the recombinant soluble receptors for TRAIL (TRAIL-R2:Fc, Ref. 
14) or Fas (Fas:Fc). Surprisingly, TRAEL-R2:Fc did not inhibit cell death in the 

10 Ad5-TRAIL-infected PC-3 cells (Fig. 6A) at concentrations that completely 
inhibited cell death induced by soluble TRAIL. It was reasoned that since the 
PC-3 cells are adherent, nonpolarized cells TRAIL could be expressed on 
surfaces that were inaccessible to TRAIL-R2:Fc, but still able to engage the 
TRAEL-R1 or -R2 expressed there. Seeing that BFA could inhibit the expression 

15 of TRAIL (Fig. 5A), the same experiment was tried but in the presence of BFA 
or its vehicle EtOH. In this setting, the addition of BFA was able to block the 
cell death resulting from Ad5-TRAIL infection, whereas EtOH did not (Fig. 6B). 
This inhibition by BFA did not interfere with the signaling mechanism of 
TRAIL-R1/R2 as BFA-treated PC-3 cells were as sensitive to soluble TRAIL- 

20 induced death as those cultured without BFA (data not shown). 

Further support for TRAIL-mediated killing following Ad5-TRAIL 
infection was obtained by using Ad5-TRAIL-infected PrEC or WM 164 cells to 
induce apoptosis in PC-3 target cells. PrEC or WM 164 were infected with 1000 
pfu/cell AdS-TRAIL for 4 hours, incubated in complete medium for 12 hours, 

25 washed, and resuspended in complete medium. PC-3 tumor cells were labeled 
with 100 \iCi of 51 Cr for 1 hour at 37°C, washed three times, and resuspended in 
complete medium. To determine TRAIL-induced death, 51 Cr-labeled tumor cells 
(10 4 /well) were incubated with varying numbers of Ad5-TRAIL/WM 164 
effector cells for 8 hours. As a positive control, soluble TRAIL was added to the 

30 target cells at the indicated concentrations. In some cultures, TRAIL-R2:Fc or 
Fas:Fc (20 ^g/ml) were added to the Ad5-TRAIL/WM 164 effector cells 15 
minutes prior to adding tumor cell targets. Assays were performed in round- 
bottom 96-well plates and the percent specific lysis was calculated as: 100 X 

25 
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(experimental c.p.m. - spontaneous c.p.m.)/(total c.p.m. - spontaneous c.p.m.). 
Spontaneous and total release were determined in the presence of either medium 
alone or 1% NP-40, respectively. The presence of TRAIL-R2:Fc or Fas:Fc 
during the assay had no effect on the level of spontaneous release of 51 Cr by the 
5 target cells. 

Whereas uninfected PrEC or WM 164 demonstrated no cytolytic activity 
against the PC-3 target cells, the Ad5-TRAIL-infected cells displayed 
comparable activity to soluble TRAIL (Figure 6Q. This activity was TRAIL- 
specific, as inclusion of soluble TRAIL-R2:Fc, but not Fas:Fc, to the Ad5- 
10 TRAIL-infected WM 1 64 cells blocked target cell lysis (Figure 6D). Similar 
results were also obtained with PrEC (data not shown). Collectively, the results 
presented in Figures 5 and 6 demonstrate that the apoptotic death following Ad5- 
TRAIL infection results from TRAIL expression on the cell surface where it 
binds to either TRAIL-R1 or -R2. 

15 

Example 6: Analysis of adenoviral transgene expression following 
intratumoral injection 

CB. 17 SCID mice were pretreated 24 hours before tumor challenge with a 
single injection (100 jxl, intraperitoneally) of purified anti-asialo GM-1 antibody 

20 (Wako Chemicals, Richmond, VA). Mice were challenged with either the 

human mammary adenocarcinoma cell line (MDA 23 1 ; 1 0 6 cells/site) or bladder 
cancer cell line (RT-4; 5 X 10 6 cells/site) by subcutaneous injection. Tumors 
were allowed to grow until they were at least 25 mm 2 before the adenoviral 
vectors recombinant for the reporter genes luciferase (Ad2-luc) or P- 

25 galactosidase (Ad5-Pgal) were injected at a concentration of 3 X 10 7 plaque 
forming units (pfu)/ml in PBS (phosphate buffered saline) alone or with 
Gelfoam® (30 mg/ml; Pharmacia and Upjohn, Kalamazoo, MI), Gelfoam® is an 
absorbable gelatin sponge prepared from purified pork skin gelatin and is 
commonly used as a hemostatic agent. Injection volume was 100 ml, making the 

30 final concentration 3 X 10 6 pfu/ injection. Tumors were harvested for reporter 
gene assays at various times after injection. 

The luciferase assay or P-galactosidase was performed using a commercial 
luciferase (Promega Corp., Madison, WI) or p-galactosidase (Tropix, Bedford, 
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MA) assay kit after homog enizin g each tumor. Samples were analyzed on a 
Monolight 2010 Luminometer (Analytical Luminescence Laboratory, Ann 
Arbor, MI). 

5 Example 7: Inhibition of tumor growth with Ad5-TRABL 

CB. 1 7 SCID mice were pretreated 24 hours before tumor challenge with a 
single injection (100 jil, intraperitoneally) of purified anti-asialo GM-1 antibody. 
Mice were challenged with the human bladder cancer cell line RT-4 (5 X 10 6 
cells/site) by subcutaneous injection. Mice were then treated with either PBS 
10 alone, Ad5-TRAIL in PBS, Ad5-TRAIL with matrix, Ad5-pgal in PBS, or Ad5- 
Pgal with matrix (10 9 pfu/injection) 24 hours later. Tumor size was measured 
weekly. 

The Ad5 -TRAIL treatment is also useful for the treatment of established 
tumors. Tumors are implanted and then the Ad5-TRAIL treatment is begun days 
15 later (Day 0, implant; Day 1, 5, 7, 10, 14, 21 inject Ad5-TRAIL). Tumor size is 
measured before and after treatment. 

The Ad5-TRAIL treatment can be administered as multiple Ad5 -TRAIL 
injections as opposed to a single injection. Experimental groups are set up as 
above, but with groups receiving multiple Ad5-TRAIL injections at regular 
20 intervals. 

All publications, patents and patent documents are incorporated by 
reference herein, as though individually incorporated by reference. The 
invention has been described with reference to various specific and preferred 
25 embodiments and techniques. However, it should be understood that many 
variations and modifications may be made while remaining within the scope of 
the invention. 
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WH AT IS CLAIMED IS: 

1 . A method for inhibiting tumor cell growth in a mammal afflicted with a 
tumor comprising administering a vector comprising a DNA expression cassette 

5 comprising a promoter and a DNA sequence encoding tumor necrosis factor 
(TNF)-related apoptosis-inducing ligand (TRAIL), wherein the expression of 
TRAIL results in tumor inhibition. 

2. The method of claim 1 , wherein the vector is a non-replicative viral 
10 vector. 

3. The method of claim 1, wherein the vector is adenovirus, adeno- 
associated virus, herpesvirus, lentivirus, retrovirus, vaccinia virus, or naked 
DNA. 

15 

4. The method of claim 2, wherein the vector is an adenoviral vector. 

5. The method of claim 1, wherein the TRAIL is human TRAIL. 

20 6. The method of claim 1 , wherein the promoter is a cytomegalovirus 
promoter, a Rous Sarcoma Virus promoter, or a tissue-specific promoter. 

7. The method of claim 6, wherein the promoter is a cytomegalovirus 
promoter. 

25 

8. The method of claim 1 , wherein the expression cassette further comprises 
a regulatory element 

9. The method of claim 8, wherein the regulatory element is an enhancer, 
3 o regulator of TRAIL expression, or regulator controlling viral replication. 

1 0. The method of claim 1 , wherein the tumor is a solid tumor. 
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1 1 . The method of claim 1 0, wherein the tumor is cancerous. 

12. The method of claim 10, wherein the solid tumor is a lung tumor, a 
melanoma, a mesothelioma, a mediastinum tumor, esophagal tumor, stomach 

5 tumor, pancreal tumor, renal tumor, liver tumor, hepatobiliary system tumor, 
small intestine tumor, colon tumor, rectum tumor, anal tumor, kidney tumor, 
ureter tumor, bladder tumor, prostate tumor, urethral tumor, testicular tumor, 
gynecological organ tuxnor, ovarian tumor, breast tumor, endocrine system 
tumor, or central nervous system tumor. 

10 

13. The method of claim 1, wherein the vector is administered by injection. 

14. The method of claim 1, wherein the vector is administered in 
combination with a pharmaceutically acceptable carrier. 

15 

15. The method of claim 14, wherein the pharmaceutically acceptable carrier 
is a solution. 

1 6. The method of claim 14, wherein the pharmaceutically acceptable carrier 
20 a slurry or matrix. 

17. The method of claim 14, wherein the pharmaceutically acceptable carrier 
is in Gelfoam® 

25 18. The method of claim 14, wherein the carrier further comprises an 
immune enhancing agent 

1 9. The method of claim 1 8, wherein the immune enhancing agent is a 
cytokine. 

30 

20. The method of claim 14, wherein the solution further comprises an agent 
that enhances gene delivery or expression. 
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2 1 . The method of claim 1 , wherein the mammal is a human. 

22. The method of claim 1, further comprising administering a 
chemotherapeutic agent, radiotherapeutic agent, or an immune potentiating gene 

5 or protein. 

23. A method for causing tumor regression in a mammal afflicted with a 
tumor comprising administering to a TRAIL-sensitive cell a vector comprising 
DNA encoding TRAIL, wherein the expression of TRAIL results in tumor 

10 regression. 

24. A method of eliminating tumor cells from a mammal afflicted with a 
tumor comprising administering to a TRAIL-sensitive cell a vector comprising 
DNA encoding TRAIL, wherein the expression of TRAIL results in tumor 

15 elimination. 
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